Determinations of quark mixing matrix elements |V cd | and |V cs | from leptonic and semileptonic D Decays and form factors f π(K) + (0) calculated in LQCD, we extract the magnitudes of V cd and V cs to be |V cd | = 0.218±0.005 and |V cs | = 0.987 ± 0.016. Compared to those given in PDG2013, the precisions of these newly extracted |V cd | and |V cs | are improved by more than 2.0 and 1.5 factors, respectively. With the newly extracted |V cd | and |V cs | together with other CKM matrix elements given in PDG2013, we check the unitarity of the CKM matrix, which are |V ud | 2 +|V cd | 2 + |V td | 2 = 0.997±0.002, |V us | 2 +|V cs | 2 +|V ts | 2 = 1.027±0.032 and |V cd | 2 +|V cs | 2 +|V cb | 2 = 1.023 ± 0.032.
Introduction
In the Standard Model (SM) of particle physics, the D 
where G F is the Fermi coupling constant, V cd(s) is the c → d(s) Cabibbo-Kobayashi-Maskawa (CKM) matrix element [1] , m ℓ is the lepton mass, and m D Similarly, in the SM, neglecting the positron mass, the differential decay rate of D → π(K)e + ν e process is given by
where p π(K) is the three-momentum of the π (K) meson in the rest frame of the D meson, f π(K) + (q 2 ) represents the hadronic form factor of the hadronic weak current depending on square of the four-momenta transfer q 2 , and X is a factor due to isospin, which equals to 1 calculated in LQCD, the magnitudes of CKM quark mixing parameters V cd and V cs can be well extracted. In addition, the precisions of these measured branching fractions for D → πe + ν e and D → Ke + ν e decays or measured products of |V cd(s) | and f π(K) + (0) are at an accuracy level of about 1%, while the LQCD calculations of these form factors f π + (0) and f K + (0) also reach to about 4.4% and 2.5%, respectively. With these measured products of |V cd(s) | and f π(K) + (0) together with inputs of the form factors calculated in LQCD, the magnitudes of V cd and V cs can also be well extracted.
In this article, we extract |V cd | and |V cs | with these measured branching fractions and/or |V cd(s) |f [3] . Averaging these two branching fractions, we obtain
where the error is the combined statistical and systematic errors together. 
Purely leptonic D
which is the average of three measured branching fractions obtained with τ [5] and τ + → ρ +ν τ decays [6] . In 2013, the Belle Collaboration measured the branching fractions for leptonic D Combining these branching fractions measured by the CLEO-c, Belle and BaBar Collaborations, we obtain B(D
and
where the errors are the combined statistical and systematic errors together.
Semileptonic D decays
In 2008, the CLEO-c Collaboration studied the semileptonic decays of data collected at 10.6 GeV and determined f K + (0) = 0.727 ± 0.007 ± 0.005 ± 0.007 [11] . Multiplying this form factor by |V cs | = 0.9729 ± 0.0003 used in their paper, we obtain the product f K + (0)|V cs | = 0.707 ± 0.007 ± 0.005 ± 0.007. Using the same technique, the BaBar Collaboration also studied the D 0 → π − e + ν e decay by analyzing 347.2 fb −1 data collected at Υ(4S) and reported preliminary results at ICHEP2014. They measured f π + (0)|V cd | = 0.1374 ± 0.0038 ± 0.0022 ± 0.0009 [12] .
Combining these f π(K) + (0)|V cd(s) | measured at the CLEO-c, BESIII and BaBar experiments, we obtain f
and f
where the errors are the combined statistical and systematic errors together. 
where the first uncertainty is from the measured f 
where the first uncertainties are from the measured branching fractions, and the second uncertainties are mainly from f D 
where the first uncertainty is from the measured f (15) Figure 4 shows the comparison of the newly determined |V cs | and the one given in PDG2013 [1] .
Unitarity checks
Using the newly extracted |V cd | = 0.218±0.005, the PDG values |V ud | = 0.97425±0.00022 and |V td | = (8.4 ± 0.6) × 10 −3 [1] , the first column unitarity of CKM matrix is checked, which is
Using the newly extracted |V cs | = 0.987 ± 0.016, the PDG values |V us | = 0.2252 ± 0.0009 and |V ts | = (42.9 ± 2.6) × 10 −3 [1] , we find
for the second column of the CKM matrix. Using these newly extracted |V cd | and |V cs |, and the PDG value |V cb | = (40.9 ± 1.1) × 10 −3 [1] , we find
for the second row of the CKM matrix. The unitarity check results for the first column, second column and second row of the CKM matrix are shown in Fig. 5 together with the unitarity checks given in PDG2013 [1] . The newly determined |V cd | and |V cs | give more stringent checks of the CKM matrix unitarity compared to those in PDG2013.
Summary
Combining the precise measurements of leptonic D decay constants and semileptonic D decay form factors calculated in LQCD, we extract the magnitudes of V cd and V cs to be |V cd | = 0.218 ± 0.005 and |V cs | = 0.987 ± 0.016, which improve the precisions of those values given in PDG2013 by more than 2.0 and 1.5 factors, respectively. These improved determinations of |V cd | and |V cs | give more stringent unitarity checks of the CKM matrix compared to those given in PDG2013.
